BEST AVAILABLE COPY 



J 



Europalsches Patentamt 

® X9)} E"roP«a" Patent Office @ Publication number: 0 128 332 

Office europSen des brevets A1 



® EUROPEAN PATENT APPLICATION 

® Application number: 84106028.9 @ lnt.a»: G 01 N 33/54, G 01 N 33/58, 

@ Date of faing: 04.05.84 C12Q 1/68, C07G 7/00 



® Priority: 05.05.83 US 401829 



Date of publication of application: 19.12.84 
Bulletin 84/51 



Designated Contracting States: ATBE OH DE FR GB IT 
ULUNtSE 



Applicant: EN20 BIOCHEM, INC.. 325 Hudson Street 
New York, N.Y. 1 0013 (US) 



@ Inventor: Pergoltezl, Robert G., 375 New Bridge Road, 
New Mllf ord New York (US) 

Inventor: Stavrlanopouios, JannSs a, 51 5 West 59 Street 
New York New York (US) 

Inventor: Rabbanl, Elazar, 69 Fifth Avenue, New York 
New York (US) 

Inventor: Engelhardt, Dean L.. 173 Riverside Drive, New 
York New York (US) 

Inventor: Wine, Stan, 235 Uncoln Place, Brooklyn New 
York (US) 



(3> Representative: Vosslus Vossius Tauchner Heunemann 
Rauh, Siebertstrasse 4 P.O. Box 86 07 67, 
O-8000 MQnchen 86 (DE) 



01 

C9 

00 
01 



@ Assay method utilizing polynucleotide sequences. 

@ A method of detecting in a sample an analyte (A) having 
a molecularly recognizable portion thereon, which com- 
prises: providing (B) a molecular bridging entity having 
thereon: (i) a portion capable of recognizing the molecularly 
recognizable portion on the analyte; and (ii) a portion com- 
prising a polynucleotide sequence; and (C) a signalling 
entity having thereon: (i) a polynucleotide portion capable 
of annealing to the polynucleotide portion of the bridging 
entity, thereby to form a stable polynucleotide hybrid, and 
(Ii) a signal generating portion; forming a complex compris- 
ing: (1) the analyte (A) complexed through its molecularly 
recognizable portion to (2) the recognizing portion of the 
entity (B); the entity (B) being complexed through the poly- 
nucleotide portion thereon to (3) the polynucleotide portion 
of the signalling entity; and detecting a signal by means of 
the signal generating portion present In the complex. 
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TITLE QF TH£ INVENTION 

ASSAY METHOD UTILIZING POLYNUCLEOTIDE SEQUENCES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to assays, both 
immunoassays and nucleic acid assays of analytes, which 
utilize a universal detection system based on 
polynucleotide interactions. 

Description of the Prior Art 

The analysis and detection of minute quantities of 
substances in biological and non^biological samples has 
become a routine practice in clinical and analytical 
laboratories around the world. Broadly, the analytical 
techniques can be divided into those based on ligand- 
receptor interactions (e.g., immunoassay-based 
techniques), and those based on nucleic acid 
hybridization (polynucleotide sequence-based 
techniques ) . 

For example, immunoassay techniques involve, at 
some stage or step in the process, the non-covalent 
association between an antibody binding site and an 
antigen complementary therefor. See, for example, "An 
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Introduction to Radioiiaraunoassay and Related 
Techniques" by T. Chard, Worth Holland Publishing 
Company, Amsterdam, New York, Oxford, 1978. In 
polynucleotide sequence-based techniques, the process, 
at some step or another, involves the non-covalent 
binding of a polynucleotide sequence to a complementary 
sequence under hybridization conditions. (See for 
example, Falkow et al , U.S. Patent 4,358,535, Wahl et 
al, U.S. Patent 4,302,204, and He imer, U.S. Patent 
3,755,086.) 

In a generalized sense, both the aforementioned 
techniques involve a primary recognition event, brought 
about by precise molecular alignment and interaction, 
and energetically favored by the release of non- 
covalent bonding free energy (e.g., hydrogen bonding, 
dispersion bonding, ionic bonding, dipolar bonding, and 
the like). In addition to the primary recognition 
event, both techniques also involve, at one step or 
another, a signalling event. This step or event 
relates to the necessity of detecting, in some 
demonstrable manner to a human or instrument detection 
system, the primary recognition event. 

Signalling has been centered mainly in two broad 
areas: radioactive and non-radioactive techniques. 
Radioactive signalling has relied on radiolabeling of 
one or more components involved in the system, with 
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such atoms as 32p, 131,^ 14^^ 3^^ ^.^^^ 
Detection is usually by means of a radioactivity 
detector. Non-radioactive techniques have been 
increasingly used in the last few years, since they 
involve no radioactivity, thus making such techniques 
safer, cleaner and more stable towards storage . , They 
have been developed to sensitivities as high^f not 
higher than radiolabeling techniques. Among the most 
common ncn-radioactive signalling techniques used at 
present are enzyme linked immunoassays (see, for 
example, Schuurs, A.H. et .1 . clinica Chimica Acta, 81: 
1-40 (1977)), fluorescence (Bauman et al . Chromo.soma, 
8£: 1-18 (1981)), indirect immunofluorescence ( Rudkin 
et_al. Nature,^: 472-473 (1977)), avidin-biotin 
interactions (Manning, J. efc al. Biochemistry, 15.: 
1365-1370 (1977)), electron microscopy of electron 
dense nuclei such as ferritin ( Broker , T.R. et 
Nucleic Acids Research 363-384 (1978)), latex 
attachment ( Sodja, A., ibid ^S.: 385-401 (1978)), 
combinations of the aforementioned techniques, and 
others. 

The primary recognition event and the signalling 
event need to be coupled to each other, directly or 
indirectly, proportionately or inversely 
proportionately. Thus, in such systems as nucleic acid 
hybridizations with radiolabeled probes, the amount of 



-4- 



3128332 



radioactivity is usually directly proportional to the 
amount of analyte present. The same is true with a 
system such as a sandwich iiamunoassay , wherein the 
amount of labeled second antibody being detected is 
normally directly proportional to the amount of antigen 
present in the sample • Inversely proportional 
techniques include, for example, competitive 
immunoassays, wherein the amount of detected signal 
decreases the laore analyte present in the sample. 

The prior art has also utilized amplification 
techiques/ wherein the signalling event is related to 
the primary recognition event in a ratio greater than 
1:1, ThuS/ the signalling component of the assay may 
be present in a ratio of 10:1 to each recognition 
component, thereby providing a 10-fold increase in 
sensitivity. 

The great versatility of polynucleotide sequence- 
based recognition systems has caused an extensive 
amount of experimentation and research to be invested 
therein. Biis versatility is brought about by the 
precise alignment of complementary nucleotide bases to 
each other, adenine (A) aligning to thymidine (T) and 
guanine aligning with cytidine (C). Given this 
complementarity, it is possible to utilize any desired 
sequence to provide an infinitely versatile system. 
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One of the impediments to a more extensive use of 
polynucleotide interaction-based systems, however, has 
been the necessity of attaching signalling or reporter 
groups (such as radioactive phosphorous, or enzymes, or 
biotin, or the like) to individual nucleotide residues 
in the polymer chain. At least two problems arise out 
of this requirement. 

First, the chemical reaction conditions involved 
in the modification of a polynucleotide polymer are 
generally too vigorous to be sufficiently selective for 
any one nucleotide in particular. For example, 
dicarbonyl reagents such as kethoxal or glyoxal will 
indiscriminately react with guanine (see for example 
Shapiro, R. et al. Biochemistry, _5^: 2799-2807 (1966) , 

^' ±' 3249-3253 (1969), or Politz, S.M. et 

al, ibid, 20: 372-378 (1981)). Thus, if one were to 
use a dicarbonyl-based cross-linking agent to attach an 
enzyme or a low molecular signalling compound directly 
on a polynucleotide chain, one would risk (and in fact 
one obtains) modification of a substantial amount of 
all guanine residues in the chain. -This,, of course, 
severely hinders the use of such modified chain in a 
recognition step. This problem has been solved in the 
prior art by the use of enzymatic (DNA polymerase- 
based) incorporation of individual modified nucleotides 
(previously modified in a non-hydrogen-bond-disruptive 
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manner) into a nascent polynucleotide chain. It would, 
however, be preferred to utilize chemical modification 
techniques on the final polynucleotide polymer 
itself, 

A second problem is associated with the attachment 
of signalling groups to polynucleotides, and is somewhat 
related to the first. The problem is based on the 
necessity of synthesizing, by sometimes sophisticated 
and elaborate synthetic techniques, the modified 
monomer ic nucleotide units themselves, prior to their 
enzymatic incorporation into polymer. Thus, 
radiolabeled nucleotides or biot in-labelled nucleotides 
have to be independently synthesized. Further, the 
amount of incorporation of a chemically modified 
nucleotide into final nucleic acid polymer may also 
influence the ability of a probe to recognize a given 
sequence on the analyte. This is particularly 
important if amplification techniques are utilized 
wherein signalling groups greatly outnumber recognition 
groups. 

It would therefore be very useful to develop an 
assay system which utilizes components that are easily 
prepared, amenable to chemical modification rather than 
enzymatic-based reactions, that would utilize the great 
versatility of polynucleotide-based sequence 
recognition, and include the possibility of signal 
amplification methods. 
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SUMMARY OF THE INVENTION 
The present invention provides a universal assay 
system which takes advantage of polynucleotide sequence 
recognitions, which allows for the use of chemical 
modification reactions, which is also capable of 
utilizing recognition events based on any type of non- 
bonding interaction, and which can use any of the 
myriad of available signalling methods. 

The process of the invention comprises a method of 
detecting in a sample an analyte (A) having a 
molecularly recognizable portion thereon, which 
comprises: 

providing a molecular bridging entity (B) having 
thereon 

(i) a portion capable of recognizing 
said molecularly recognizable 
portion on said analyte; and 

(ii) a portion comprising a 
polynucleotide sequence; and 

a signalling entity .(C) having thereon 
(i) a polynucleotide portion capable 
of annealing to said 
polynucleotide portion of said 
bridging entity, thereby to form 
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a stable polynucleotide hybrid r 
and 

(ii) a signal generating portion; 
forming a complex comprising: 

(1) said analyte (A) complexed through said 
molecularly recognizable portion to 

(2) said recognizing portion of said entity 
(B); said entity (B) being complexed through 
said polynucleotide portion thereon to 

(3) said polynucleotide portion of said 
signalling entity; and 

detecting a signal by means of said signal 
generating portion present in said complex. 

The invention provides, in addition to the 
aforementioned process, various elements and components 
to be used therein, such as various molecular bridging 
entities, and various signalling entities, as well as 
kits comprising said entities, and other components for 
use in the process. 

In essence, the invention is based on the 
realization that the recognition portion and the 
signalling portion of the multi-component assay system 
should be present on different components of the 
system, thereby separating them, and avoiding the 
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portion J_ of the bridging entity 3j The signalling 
entity 6^ also carries a signal generating portion _8. 
When analyte is present in the sample being analyzed r 
interaction occurs with bridging entity 3^ through the 
recognizable and recognition portions 2^ and _4/ 
respectively. The complex formed thereby is then 
annealed through the polynucleotide portion 5^ to the 
complementary polynucleotide portion 7_ on the 
signalling entity, which brings the signalling portion 
_8_ into some stoichiometric relation with the analyte _1^. 

FIGURE 2 shows a preferred system under the 
broader concept of the invention, wherein analyte 9^ 
comprises a DNA sequence _10_ (generally indicated as 
ATCGATCGATC) . Bridging entity 11 , shown as a single- 
stranded circular polynucleotide polymer, carries a 
recognizing portion 12 which is a DNA sequence 
complementary to the DNA sequence of the analyte. 
Bridging entity 11 also carries, in addition, a poly G 
sequence 13, which is capable of annealing and forming 
a stable hybrid with complementary poly C sequence 15 
on signalling entity 14« Signalling entity 14 also 
carries a biotin portion 16 as its signal generating 
group. Presence of the DNA sequence 10 in the sample 
being analyzed causes the bridging entity 11 to 
hybridize thereto, and subsequent annealing of the 
signalling entity to the thus formed complex attaches 



-11- 



3128532 



the biotin portion t-v. 

"ion, through the network, to the 

::;v:::::r":.r?- 

detection. '^^ate, and color 

ter:. "analyte- as used i„ th. • 
-nd Claims includes an . ^P^-^ication 

nc.udes any substance or subsi-.,, 
alone or in aflm,- ^ substances either 

^" admixtures, which presence . 

molecular complex, or a bioi • ^'eight, a 

/ or a biological system s„^h 

virus, a coTi jratera, such as a 
' ^ cell, or group of cells a 

analytes are prot.. ^^'^^ ^^'^ 

are proteins. Polysaccharides, 

lipopolysaccharides t^.-^^ • 

ides, protein complexes, nucleic . 

or segments thereof, either sin , ^ ^ 

^^ole .iruses or .iral ^ ded, 

virai components 
capsids u . ^o'^es or 

J::;^""""=°™°"""-- 
rKNA, and. the like. Bacterid 

sue. jr::v 

walls or other 



-12- 



recognizable portions, include both gram positive and 
gram negative bacteria, Fungiir algae, and other 
submicroscopic microorganisms are also included, as 
well as animal (e.g., mammalian) cells. 

The analyte should have a "molecular ly 
recognizable portion" thereon. This phrase denotes any 
molecular portion of the analyte which is capable of 
being recognized by a complementary molecular portion 
on the bridging entity of the system. Molecular 
recognition, as will be understood by those of skill in 
the art, includes the non-covalent binding in three 
dimensions between complementary portions of two 
molecules. A molecular ly recognizable portion on an 
analyte may be, for example, a polynucleotide sequence, 
such as RNA or DMA, to be recognized by its 
complementary sequence; an antigen portion, to be 
recognized by its corresponding monoclonal or 
polyclonal antibody; an antibody portion, to be 
recognized by its corresponding antigen; a lectin 
portion, to be recognized by its sugar; a sugar 
portion, to be recognized by its lectin; a hormone 
portion, to be recognized by its receptor; a receptor 
portion, to be recognized by its hormone; an inhibitor 
portion, to be recognized by its enzyme; an enzyme 
portion, to be recognized by its inhibitor; a cofactor 
portion, to. be recognized by a cofactor enzyme binding 
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polynucleotide sequence or "probe". If the molecularly 
recognizable portion on the analyte is a generalized 
antigen, the recognizing portion on the bridging entity 
should be an antibody thereto* The same is true with 
respect to the complementary pairs sugar/lectin, 
receptor/hormone, inhibitor/enzyme r and the like, 
described previously. 

The second portion of the molecular bridging 
entity must comprise a polynucleotide sequence. Hie 
polynucleotide sequence can be any chosen sequence / 
provided that it is long enough to provide stable 
annealing with a complementary sequence under given 
stringency conditions, that it be complementary to the 
polynucleotide sequence on the signalling entity, and, 
if the recognizing portion on the bridging entity is 
itself a polynucleotide sequence, that it be 
sufficiently different from said recognizing sequence 
portion, to avoid hybrid formation between the -analyte 
sequence and the second polynucleotide portion on the 
bridging entity. The latter of the three conditions is 
required to prevent molecular confusion with 
concoraraitant appearance of false results. 

The second portion polynucleotide sequence on the 
bridging entity (i.e., the one complementary to the 
sequence on the signalling entity) may code for a 
particular gene product or products, or may code for no 
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The molecular ratio of the recognizing portion on 
the bridging entity, to the polynucleotides sequence 
portion thereon need not necessarily be 1:1. There, may 
be many more polynucleotide sequence portions than 
recognizing portions, or vice versa. In the case when 
the ratio of polynucleotide sequence portion to 
recognizing portion on the bridging entity is greater 
than 1, for example, 5, 10 or greater, the system 
amplifies the primary recognition event by a factor 
equal to the ratio. 

Among preferred bridging entities of the invention 
are circular polymers of single- or double-stranded 
DNA. The single-stranded ones include so-called 
filamentous phages, such as fd, fl and M13 (see Van 
Wezenbeek, P. , Gene, JLl: 129 (1980) ♦) These 
filamentous phages do not lyse their host; rather, they 
are released from infected cells as the cells continue 
to grow and divide. M13 is commercially available 
(Bethesda Research Labs, Inc.) and has been extensively 
used as a cloning and sequencing system. It can be cut 
at a restriction endonuclease site to incorporate 
therein any desired polynucleotide probe sequence, to 
serve as the recognizing portion of the bridging 
entity. Either at the same site or at a different 
site, the circular DNA can be opened to incorporate the 
polynucleotide portion of the bridging entity, capable 
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entity, and a signal generating portion. 
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Hie polynucleotide portion on the signalling 
entity is defined by the same parameters as the 
complementary portion on the molecular bridging 
entity. It should be of a length capable of forming 
stable polynucleotide hybrids with the corresponding 
polynucleotide on the bridging entity, "Annealing* as 
used in this part of the invention refers to the 
required base pair matching between two complementary 
polynucleotide snrands, under any given set of 
stringency conditions. It is generally understood in 
the art that about 12 to 13 nucleotides in a row are 
necessary for stable annealing. Thus, as a minimum, 
the number of nucleotides in the sequence should be 
that necessary for stable annealing with the 
polynucleotide portion of the bridging entity. The 
formation of the hybrid should be stable enough to 
withstand any washing, elution, or signal detection 
procedures which follow hybridization. 

Hie "signal generating" portion of the signalling 
entity can encompass virtually any of the signal 
generating systems used in the prior art, and any 
system to be developed in the future. It comprises a 
moiety which generates a signal itself {e.g., a 
radiolabel), or a moiety which, upon further reaction 
or manipulation will give rise to a signal (e.g., an 
enzyme-linked system). Both types are herein called 
"signal generating" portions. 
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portion of the signalling entity can be covalently 
attached to biotin via a cytochrome c bridge (Manning 
et al. Biochemistry, J^: 1364-1370 (1977), Manning et 
al , Chromosoma, 53; 107-117 (1975)/ Sodja, A, ^ Nucleic 
Acids Research, 5_z 385-401 (1978)), or the biotin can 
be covalently incorporated into specific nucleotide 
residues ( Langer, P.R^, Proceedings of the National 
Academy of Sciences, USA, J78_: 6633-6637 (1981)), or the 
biotin can be attached to a polynucleotide by means of 
a diamine (e.g., pentane diamine) bridge (Broker, T.R> , 
et al. Nucleic Acids Research _5: 363-384 (1978)). 
Interaction of the biotin molecules in the signal 
generating portion with avidin, streptavidin or anti- 
biotin antibodies is then carried out, wherein the 
avidin, streptavidin or the antibodies are conjugated 
to such signalling components as latex particles 
( Sodia, A>, et al, supra , or Manning, et al Chromosoma, 
supra ) , ferritin (Broker , supra) , a f luorogen such as 
fluorescein, an enzyme, or the like. 

A thorough description of various non-radioactive 
signal generating systems, both biotin/avidin-based and 
non-biotin/avidin-based can be found in two presently 
copending patent applications: Serial Number 255,223, 
filed at the U.S. Patent and Trademark Office on April 
17, 1981 to "Modified Nucleotides and Methods of 
Preparing and Using Same" by Ward et al , and Serial 
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The number of signal generating portions need not 
have a 1:1 stoichiometry with the number of 
polynucleotide portions on the signalling entity. When 
the ratio of signal generating portions to 
polynucleotide portion in the signalling portion of the 
signalling entity is greater than 1 (e.g. greater than 
5, or greater than 10), the system functions as an 
amplification system. Thus, for example, if there are 
10 signal generating portions per polynucleotide 
portion in the signalling entity, a 10:1 signal 
amplification over the bridging entity is obtained. 
If, in addition, the bridging entity has a signal 
amplification system itself, i.e., the ratio of 
polynucleotide portions to recognizing portions on the 
bridging entity is greater than 1, the overall signal 
amplification system is the product of both ratios. 
This means that for every primary recognition event 
occurring at the level of analyte, the amplification 
quickly increases and leads to very sensitive 
systems. This factor can be readily controlled by the 
design of the system components. 

PROCESSES OF PREPARATION 
The bridging entity, as stated previously, needs 
to comprise a recognizing portion and a polynucleotide 
portion. The signalling entity requires a 
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Po.ynucxectide po„ion and a .l,„ax ^ene.atin, 
-"io„. ,,„„3,,^, ^^^^^^ 

-a.v..„,, eo»po„e„.. u „^^^ ^^^^^^ ^ 

components thereof, to ji nr-^v • 

CO J.J protexn moieties, 2) 

saccharide moieti«»<! ■j\ 4.u 

polynucleotide moieties, 

4) small molecular woirrh^ 

"^^^ compounds (e.g., „w less than 

about 1000), 5) radiolabels or fi^ • . 

xaoeis, or 6) insoluble phases 

-Oh as .acterla. partlcUs. o. late, pa^icU. . 

«e.e£o.e. the che.lst.y u.ol,., t„ 
attachment o. conjugation of nucleic acids to thel. 
co«e3po„din, pa.tne. o. pawners „i«,i„ the 

Skill of the art. 

The covalent attachment ot Polynucleotide 
sequences to proteins is well described in the 
literature, normally, the reaction is carried out 
^"ectly hy carhodiimide =rossXi„.i„, (^ll^ra,;^ 

= the nucleic acid in the presence of such agents as 
formaldehyde (see e.g., Brutlaa,^,^, 

Biochemistry, a.= 3214-3218 ,1„,K ,!as;as2^^ 
'il- "7-117 (1975,,, ,4-asidophenyl, 
5ly«al (iolits^. Biochemistry. 20, 372-378 
<l"ln.- by oxidation of 2' ,3 --hydroxy ends of a 
polyribonucleotide, followed by i, schiff base 

formation „ith the amine groups Of a protein, and by 
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ii) borohydride reduction ( Sodjar A, , et al/ Nucleic 
Acids Research, _5^: 385-401 (1978) )• Other methods 
include direct bromination of DNA (Jones, A.S., Nature 
183 ; 1603 (1959) followed by reaction with 
diaminohexane ( Lowe, C,R«, Eur. J. Biochem. 73; 265- 
274, (1977)), and coupling via protein carboxyl 
functions; or by luercuration of cytosine moieties 
(Dale, R>M.K. et al , P.N.A.S., J0= 2236-2242, (1973)) 
followed by halogenation ( Dale, R,M>K. et air Nucleic 
Acids Res» 2:915-930 (1975)}, reaction with 
diaminohexane and coupling to protein carboxyl groups • 

Of particular interest is the use of dicarbonyl 
reagents for chemical modification of guanine bases in 
the preparation of the signalling entity. This 
represents one of the particularly useful -advantages of 
the present multi-component assay system. If the 
polynucleotide portion on the signalling entity has 
very low G content, it is possible to chemically react 
said polynucleotide portion with any material via a 
cross-linking agent such as a dicarbonyl compound, 
without fear of irreversibly modifying the annealing 
properties of the polynucleotide portion in question. 
This applies equally well to the attachment of any 
small molecular weight molecule to the polynucleotide 
portion, which attachment depends on the use of 
dicarbonyl compounds/ or other nondiscriminating cross- 
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linking agents. This ho^K • 

technxque saves the effort an^ 

:: - — 

polynucleotide sequences t. 
other polynucleotide o ^uences to 

jr c.-otiae sequences is cs^r-i^^ 

"hesive terminu generated H ^-^"^-^ 

IS well described in feni„ 
-lecular Cloning of Cenes-Cener^T"^"^^^' ""^ 
Chapter 1 of ..cenef ^-ocedures- „hieh is 

Genetic Engineering" fay chakrah. . 
Press, 1978 , ijLakrabarty;. CRC 

' ^^'Or pages l-30. 

Other methods for attach,- 

1-6 dlamlno hexan. ,a, 3 ■ -ncXudin, 
h.. ^-"""opropionic acid ,2) „ 

(2-ami„o ethanethiol) ,3) ,p..., ' ' °' 
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limited brotaination of C (through mercuration) (Dale & 

ft 

Ward supra ) and subsequent reaction of DNA with same 
reagents ((1), (2) + (3)). 

DNA derivatives of compounds (1) or (2), above, 
can subsequently be coupled to proteins via water— 
souble carbodiimide derivatives ( Inman, J,K> in Meth in 
Enz., XXXIV, 52-53) (1974). In case (3), the protein 
can be activated with the N-hydroxy succinimide ester 
of bromoacetic acid. The resulting activated protein 
can be covalently linked to the thiolated nucleic acid 
at room temperature. 

The covalent incorporation of radioiabels such 
as ^^P into DNA sequences can be done by any of a 
variety of methods, such as direct incorporation of 
-radiolabeled nucleotides by enzymatic polymerization, 
nick translation, and the like ( Rigby et al , J. Mol. 
Biol. 113: 237-251 (1977).) 

The preparation of the individual elements of the 
signal generating system such as protein/latex 
conjugates, protein/f erritin conjugates, 
antibody/enzyme conjugates, f luorogen/antibody 
conjugates, avidin/enzyme conjugates, and the like is 
generally well known in the art and will be not 
described in further detail. 

The specific preparation of individual 
polynucleotide sequences is also well understood by 
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those of skill in the art. For example, if a 
polynucleotide sequence comprises a gene or genes, the 
san.e can be prepared by synthetic procedures, or can be 
prepared by reverse transcription of raRNA using reverse 
transcriptase to generate a complementary DNA. if the 
polynucleotide sequence comprises a strand of any one 
nucleotide (e.g., poly dG or poly dC) or a strand of 
any dinucleotide pair (e.g., poly dGT, or the like,, 
the same can be readily prepared by enzymatic-based • 
reactions such as by using DNA polymerase, or by 
synthetic methodology. 

METHODS OF nSP 
The analyte being detected can be present in any 
biological or non-biological sample, such as clinical 
samples, for example, blood, urine, feces, saliva, pus, 
semen, serum, other tissues, fermentation broths, 
culture media, and the like. 

If necessary, the analyte is preextracted or 
purified by methods known to concentrate the particular 
type of analyte from its admixing components. For 
example, if the analyte is a protein or protein- 
containing fraction, protein extraction procedures such 
as salt precipitations, alcohol precipitations or 
chromatography can be utilized. if the analyte 
comprises a nucleic acid segment to be identified. 
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nucleic acid extraction procedures, such as phenol 
extraction, can be utilized. The analyte, together 
with impurifying materials if such be the case, can be 
tested in the mixture as purified or, especially when 
it is a nucleic acid segment, can be immobilized (see 
for example, Wahl et al U.S. Patent 4,302,204.) 

The composition suspected of containing the 
analyte is incubated with the bridging entity for a 
time and under conditions sufficient to allow 
coraplexation between the recognizable portion of the 
analyte and the recognizing portion on the bridging 
entity. These conditions will vary depending on the 
nature and amount of the analyte and of the bridging 
entity. Normally, after complexation has occurred^ the 
sample is washed with neutral solution to remove excess 
bridging entity. Alternatively, no wash is carried out 
at this stage but signalling entity is added to the 
mixture and a wash is carried out after annealing has 
occurred between the polynucleotide strands on the 
bridging entity and on the signalling entity 
respectively. Hybridization of the bridging entity 
strand to the signalling entity strand is carried out 
under hybridizing conditions and under any set of 
stringency conditions. A final wash may be necessary 
prior to generation of signal. 
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the ternary complex between anaiyte b.,"^ • 
-tity and signaUing entity is all . 
with t-h. allowed to incubate 

the enzy:„e carrying «agent (e a 
-n^ugate), and substrate • -^^^/aatibody 
-lor. .Iternaf 

dir^ctl ^"^^^ -^^^t be attached 

<3xrectly to the polynucleotide strand n 

entity, in ^j,^,. '^^"^ °" '^^^ signalling 

yr m Which case substrate is ad^o^ • 
thereafter tn .k. • immediately 

after to obtain color development, if the • 
generating portion of the si.„.,. • 

cne signalling entity is a h,- ^• 
■"oiety, then a biotin . • 

oiotm reactive molecule su^h 
streptavidin or anfs ^ avidin, 

or anti-biotin antibody, is added 

^-ereto. biotin reactive molecule is con 

an enzy„.e, a fluorescent ^^n^ugated to 

xuorescent compound, an electron 
compound , . cj-eccron dense 

•pound, or an insoluble solid r,^ 

APPLICATTnMg 

applications of the system of the • 
are unli„,ited. w an.T . invention 

analy.ed in anv '^^^^-^ 
y ed m any sample can be subject to ^H 

the invention. ^''^ '"^'^^^ °f 

For example, the system can k 

yatem can be used for 
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any of a variety of recognizable portions and 
recognizing portions in the analyte and the bridging 
entity respectively. 

Of particular interest is the detection and 
identification of viral and bacterial DNA sequences. 

The method can be utilized to diagnose genetic 
disorders by preparing a polynucleotide complementary 
to a DNA gene sequence which is associated with the 
genetic disorder, and detecting the presence of any 
primary recognition events. Among these genetic 
diseases, for example, can be mentioned thalassemia. 
The determination of thalassemia can be made (for known 
genetic defects) by hybridization of oligonucleotides 
to genomic DNA followed by specific washing procedures 
or by restriction analysis and Southern, Northern, or 
Dot blots. 

Another use for the system of the invention is in 
chromosomal karyotyping, which comprises using a series 
of modified polynucleotides corresponding to a series 
of defined genetic sequences located on chromosomes, 
and then detecting primary recognition events 
thereon. 

Another use includes a method for identifying or 
locating hormone receptor sites on the surface of 
cells, which comprises binding a hormone receptor 
binding compound present in the bridging entity to the 
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-cptor site, and th.„ aet.ctlng p.i„.„ . .. 

tne signalling system of the 

invention. 

Anothe. use oo,p.lses the detection of cancer h 
^-tecting in the blood or se-™ , 
-h. °^ suspect subieots 

^he presence of cancer assoCated anf 

<--=i.oe„bryo„lc antigen, ^1 " 
-thodo. tu„or -e includes a 

a^ection" : : : 

^-"ectmg-tTe Z"" ""-n-ells 

the tech ■ " °' =1'- by 

technique of the Invention. 

antlboT"" '"""^^ ^ """"'^ °* -'"""^ 
~es against certain infectious diseases in 

by using antigen therefor as a re ■ 
— m the .olecular bridging e 1 y 

: — ated he^oglobln^eveTlan 7" 

--cted m diabetes by using a lectin as th 
recognizing portinn /^n \u . 

P rtion on the Molecular bridging entity, 
let another use frSi- fhA 

invention • ■ ""^ the 

invention is m the insolubiUzation p 

Thus if /'•^^^'^^O" of analytes. 

iAus, If a sample is suspected «f 

, , spected of containing an 

^nalyte, and one wishes to extract- . 

extract and purify the 
analyte from the sample, the -si.nali • 
, . signalling entity" is 

designed so thah hu^ ■ jr is 

that the signal generating portion 

=: :r::;r:r:;---- - - 

natural or synthetic 
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aqueous insoluble resin, a glass, a plastic such as an 
acrylate or methacrylate, the inside of a test tube 
wall, or of a well, and the like. The bridging entity 
is allowed to incubate with the. solid phase, thus 
creating recognition sites (i.e», affinity surfaces) 
for the analyte, which is then bound thereto. 

The present invention lends itself readily to the 
preparation of kits comprising one or more of the 
elements necessary to perform the detection and 
identification process. Thus, a kit may comprise a 
carrier being compartmentalized to receive in close 
confinement therein one or more container means or 
series of container means such as test tubes, vials, 
flasks, bottles, syringes, or the like. A first of 
said container means or series of container means may 
contain the bridging entity, for recognition of any of 
a wide variety of analytes. A second container means 
or series of container means may contain signalling 
entities. A third container means or series of 
container means may contain predetermined amounts of 
analyte, so as to provide the ability to construct a 
standard curve into which results can be 
interpolated. Other container means or series of 
container means may contain the elements necessary to 
generate the signal, such as enzyme linked conjugates, 
avidin linked conjugates, ferritin linked conjugates. 
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and the Hke. ronjugates, 

incorporate any of . „ . "^'^ " 

3 number nf «^ 

analyt,. ^ ti,e 

"oQld comprise e s.v,„„, " Preferred ^it 

Signalling entlht^ ^ 

polynucleotide oortlon "^"^ ' 

portion complementary to th. 

'-e first container means and ' ^""^ i" 

— -icH may . any If l^;""" 

--a container mel tr^;^ 
container means in thl. °^ 

m thxs preferred ki^ m= 
variety of dna nt-^K ^ comprise a 

~.pr:rro::r------- ,^ 

■™-----:::rser~- 

^"d the aike. ' ''^^teria, cells 

Thus, the user would utilise a 
f«"ch as use of a restric^• 
- ...St J^^^^^^ 

------- p^ese. ;;rr^ 

container series , ■ «»>tainer or 

.rld,ln, -ti't/a'nr:.^: - .UU.e 

-a Identify the presence of any d ' ^ 

----=i..e strand cannot" J o::;:""^'^". 
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restriction enzyme unless a linker (which spans the 
site) is first hybridized to it, thereby creating a 
double-strand in that location. Normally the gene 
would be ligated into the RF (double-stranded) so that 
it could be amplified in a microorganism. 

Preferred embodiiaents of the present invention are ex- 
plained in detail in the following enumeration: 

1. A method of detecting in a sample an analyte 
(A) having a moiecularly recognizable portion thereon, 
which comprises: 

providing a molecular bridging entity (B) having 
thereon: 

(i) a portion capable of recognizing 
said raolecularly recognizable 
portion on said analyte; and 

(ii) a portion comprising a 
polynucleotide sequence; and 

(C) a signalling entity having thereon: 

(i) a polynucleotide portion capable 
of annealing to said 
polynucleotide portion of said 
bridging entity, thereby to form a 
stable polynucleotide hybrid, and 

(ii) a signal generating portion; 

forming a complex comprising: 

(1) said analyte (A) complexed through 
said molecularxy recognizable 



35 312833 

portion to 

-oo,„Ui„, p„„,,„ ^^^^ 
*""'y (B); said entity ,B, h • 

cleotide portion thereon to 

^^-""-^-l^e portion oj , 

^"ectin, e =i,„el _ ^. 

aenerating por-.o. „ 

3 portion present in 

^- Hie method of itan , „. , . 

" in e 5iolo,i=ei or '"""'^ " 

^ 5i=al or non-biolo3ical saapj,. 

^- ■ni^ method Of iten i „^^„. . 
-co,„i.e,,. portion on .aid anal " 

^- »^ method Of iteP ; ^ 
"co,„i.a.ie portion on saL' „" 

acid. <=°«'Prises nucleic 

5- The method of n-^rr. i 

saccharide. °" ««*.rises a 

"■"'■o^ of any Of items 34 . 
--3^- i= selected from the .rouj 00 ' 

- -.en. an antihody. a reoepto:;r;~' , 
component, a baoterinm. a bacterial c ' ' 

any pathogenic 
Pa^ho,enic oo^onent of a sample. 

'"^ ""^""^ 1 Wherein said r 

portion on said bridging entity c ■ ""^"'""S 

^1 ^"ticy comprises a 

polynucleotide sequence. . 
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8. The method of item 1 wherein said recognizing 
portion on said bridging entity comprises an antigen. 

9. The method of item ^ wherein said recognizing 
portion on said bridging entity comprises an antibody. 

10. Hhe method of item 1 wherein said 
recognizing portion on said bridging entity comprises a 
saccharide. 

11. The method of item 1 wherein said 
recognizing portion on said bridging entity comprises a 
lectin. 

12. The method of item 1 wherein said 
recognizing portion on said bridging entity comprises a 
hormone . 

13. The method of item 1 wherein said 
recognizing portion on said bridging entity comprises a 
receptor. 

14. The method of item. 1 wherein said 
recognizing portion on said bridging entity comprises 
ah enzyme inhibitor or enzyme cof actor. 

15. The method of item 1 wherein said 
recognizing portion on said bridging entity comprises 
an enzyme active site, a cofactor binding site, or a 
receptor protein, 

16. The method of item 1 wherein said 
polynucleotide sequence on said bridging entity codes 
for a gene product or fragment thereof. 
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The method of •, 

Item 1 whe»-o,-„ 
PolynucleotiH^ '''herein said 

c-Leotide sequence on said brlH • 
"ofc code for a n.«. ^^<^ging entity does 

a gene sequence or fr«o 
IR mu ^^^agment thereof 

yuence on said brida,'^^ 
comprises a polv a.. °^^dging entity 

Poly deoxy G, poly ^eoxv r 

^-"e. p,,,„,,,„^ ^^^^^^ or -.eoxyribo 

• - Po^^tion which is rl.y, ■ 

residues. " rich zn guanosine 

20- The method of ■, ' 

~.ou.e 

— . ..... . „ ZT'- - 

""'■O'' °£ Iter, 1 „i,e«i„ • 

23. ihe method of n. , 

The method of iten» 1 wher.,- 
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25. Hhe method of item 1 wherein said 
polynucleotide sequence in said bridging entity is 
covalently attached to a hormone. 

26. The method of item 1 wherein said 
polynucleotide sequence in said bridging entity is 
covalently attached to a receptor. 

27. The method of item 1 wherein said 
polynucleotide sequence in said bridging entity is 
covalently attached to an* enzyme inhibitor or enzyme 
cof actor. 

28. The method of item 1 wherein said 
polynucleotide sequence in said bridging entity is 
covalently attached to an enzyme. 

29. The method of item 7 wherein said bridging 
entity is a circular DNA polymer. 

30. The method of item 29 wherein said DNA is 
s ingle-s tranded . 

31. The method of item 29 wherein said circular 
DNA polymer is derived from a filamentous phage. 

32. The method of item 31 wherein said 
filamentous phage is M13 or a variant thereof. 

33. The method of item 32 wherein said M13 phage 
carries a sequence portion which is rich in guanosine 
residues, or cytosine residues. 

34. The method of. item 1 wherein said 
polynucleotide portion on said signalling entity codes 
for a gene product or fragment thereof. 
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35. The method of i u . 

Item 1 wherein said 

--ae 9e„. p„a.ct or ..a,„ent ..e.eo.. 

^6. The method of i u . 

or xtem l wherein said 

polynucleotide Dorn«« 

portion on said signalling entity 

comprises a poly deoxv r , 

poly deoxy T seouence ar . ■ 

. nee, or a repeating sequence of low 

complexity. 

37. .he .ethod of ite. 1 wh.rein said 

polynucleotide oortion on • 

- -cion on said signalling- entity 

residues, or guanosine residues. 

38. The method of it^»„ i „t,^ . 

pn... . ^ wherein said signalling 

entity is a polynucleotide polymer. 

39. The method of item 38 wherein said 

polynucleotide polvm#>r- -io , 

polymer is a naturally occurring 
modified dna. » . 

40. The method iter, ..k • 

Item 39, wherein said 

phage. 

41. The method of item 40 wherein said T (even) 
Phage phage is T^. ^ 

42. The method of n-^^ „k • 

dm;, . wherein said modified 

DNA carries a cloned insert. 

43. The method of -iton, «h • 

Item 38 wherein said polymer 
IS smgle-stranded. Po^ymer 
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44. The method of item 43, wherein said polymer 
is derived from a filamentous phage. 

45. The method of item 44 wherein said phage is 
Ml 3 or a variant thereof. 

46. The method of item ^ wherein said signal 
generating portion of said signalling entity is 
radiolabeled. 

47. The method of item 1 wherein said signal 
generating portion of said signalling entity is not 
radiolabeled . 

48. The method of item 47 wherein said signal 
generating portion comprises an enzyme. 

49. The method of item 47 wherein said signal 
generating portion comprises a biotin moiety. 

50. The method of Item- 47 wherein said signal 
generating portion comprises a fluorogenic compound. 

51. The method of item 47 wherein said signal 
generating portion comprises an electron dense 
compound. 

52. The method of item 47 wherein said signal 
generating portion comprises or binds to an insoluble 
phase. 

53. The method of item 52 wherein said insoluble 
phase comprises a latex particle, a resin, or a 
bacterium- 
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54. The method of item 47 wherein = • 

•*/ wnerem said signal 

generation portion comprises an .r,^^u ^ 

"nprises an antibody or antigen. 

55. The .ethod of ite^ 47 wherein said signal 
generating portion comprises a saccharide or lectin. 

56. Ihe method of item 1 wherein said step of 
detecting a signal hy means of said signal generating 
portion comprises a radioactivity measurement. 

57. The method of item l wherein said step of 
detecting a signal hy means of said signal generating 
portion comprises an en.ymatic reaction. 

58. Tt^e method of item 1 wherein said step of 
-tecting . signal by means of said signal generating 
portion comprises a fluorescence measurement, or 
electron microscopic measurement. 

59. The method of item 47 wherein - 

wnerem said signal 

generating portion is a polynucleotide = 
. i'"-tynucieotide sequence capable 

of recognizing a signal containing moiety. 

60. The method of item 1 wherein said step of 
detecting a signal by means of said signal generating 
portion comprises an antibody/antigen complexation 

reaction. 

61- Th. „ethoa of tt^ 1 ^^.^ ^^^^ 

^"-a„, a si,„.. 3^,, ^^^^^^ 

portion conprises a =o.pl«atio„ reaction bet„e»n 
biotin and a biotln binding moiety. 
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52. The method of item 61 wherein said moiety is 
avidin, streptavidin or an anti-biotin antibody. 

63. The method of item 1 wherein said step of 
detecting a signal by means of said signal generating 
portion comprises detection of an electron dense 
compound . 

64. The method of item 1 wherein said step of 
detecting a signal by means of said signal generating 
portion comprises a complexation reaction between a 
saccharide and a lectin. 

65. The method of item 1 wherein said step of 
detecting a signal by means of said signal generating 
portion comprises a binding step on an insoluble phase. 

66. The method of item 1 wherein said step of 
detecting a signal by means of said signal generating 
portion comprises complexation between a signalling 
entity comprising a cloned insert on a naturally 
occurring modified DNA, and the bridging moiety, 
followed by binding a modified lectin to s.aid 
signalling entity. 

67. The method of item 66 wherein said modified 
DNA is derived from a T^ phage. 

68. The method of item 65 wherein said insoluble 
phase is a latex particle. 

69. The method of item 1 wherein said 
recognizable portion on said analyte is a 
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polynucleotide sequence sa,M >- 

said h • ^-cognizing portion on 

" ^-<^-- -tit. is a polynucleotide sequence 

- ^ -ngle-3tranded poi,.e. and said step 
Of detection by „.eans of sa^'d sian.i 
- said signalli^, entity U ^7 
detection. 

■70. The method of item go „h„ . 
entit. is de-.ved - ^"'^^^"9 
' ^ <^e..vea rrom a fiwntous Phage. 
. 71. The method of i+-am . 

o£ Item 69 wherein said 

73. The sequence of -r-, ^ 

^ wherein said 

antibody is monoclonal. 

5>accnaride having up to 7n = = « v . 

y up CO 20 saccharide units 

78. A DNA molecule carr-vi« 

carrying a polynucleotide 

portion which comprises a 

prises a sequence selected from the 
group consisting of poly dGT, poly dAC . / . 

POiy dAC, poly dCT, poly 
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dAt, poly dGCj^ poly dGA, poly dG, poly dC, poly dT, 
poly dA, and a repeating low-complexity polynucleotide, 

79. The DNA molecule of item 78 which is a 
filamentous phage. 

80. The phage of item 79 which is M13 or a 
variant thereof. 

81. The DNA molecule of any of items 78 or 79 
wherein said sequence is at least an oligonucleotide • 

82. The DNA niolecule of any of items 78 or 79 
which also carries a polynucleotide sequence 
complementary to part of whole of a gene sequence of a 
nucleic acid-containing organism. 

83. The DNA molecule of item 82 wherein said 
organism is a virus, a prokaryotic or a eukaryotic 
cell. 

84. The DNA molecule of item 83 wherein said 
prokaryotic cell is a bacterium. . - 

85. The DNA molecule of item 83 wherein said 
eukaryotic cell is a mammalian cell. 

86. The DNA molecule of item 82 which is a 
filamentous phage. 

87. The DNA molecule of itesa 82 which is M13 or 
a variant thereof. 

88 • A circular DNA molecule covalently attached 
to a non radiolabelled signal generating moiety. 

89. The DNA molecule of item- 88 which is a 
filamentous phage. 
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90- The DNA molecule of any of ■ 

Which carries an, 

^r.ies a polynucleotide Dort^r^n ^- 
^ ^-prises 

po,, ..e. : - 

PO^Y dC, poly cJT, poly dA 

coru-olex.-ty d«1v , ^ dA and a repeating low- 

- polynucleotide. 

™* ""^-"l- Of ita,. 30 Wherein 

93. The DNA molecule 
»Wch carries a „ 1 ' " " " 

• — =«:;::r::r ': — • 

The DBA moiecule of any of 
"herein said si<,„., °' ""^ 

said signal aenPT-^#-^« 
-«oia.eiea. ~"'r^-on- 

je. «.e »„.erei„sai. 
".nax „„era.i„, „ait. comprises an e„.,„e 

^"^ -lecuie Of it.„ ,3 „.erai„ aaia 
3^.nai ,e„arati„, „oie,y o<,„^,,^^^ ^ " 

wiocin moiety. 
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98. The DNA molecule of item 93 wherein said 
signal generating moeity comprises an antibody, 

99. The DNA molecule of item 93 wherein said 
signal generating moeity comprises a fluorogenic 
compound. 

100. A kit useful for the detection of an analyte 
(A) having a molecularly recognizable portion thereon, 
comprising: 

I) a carrier being compartmentalized to receive 
in close confinement therein one or more 
container means j 

II) a first container means containing a 



molecular 



bridging entity (B) having 



thereon: 



(i) 



a portion capable of recognizing 



said molecularly recognizble 



portion on said analyte (A); and 



(ii) 



a portion comprising a 



polynucleotide sequence; and 



(III) a second container means containing a 
signalling entity (C) having thereon: 



(i) a polynucleotide portion capable 



of annealing to said 



polynucleotide portion of said 



bridging entity (B) thereby to 
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form a stable polynucleotide 
iiybrid; and 

f^i^ a signal generafin^ 
101 Tho generating portion. • 

• Of item. 100 vhich .1 

IV) a th,- . comprises 
third container means containing 
components needed to detect . • 

said , ^^^"^^ f^O"» 

3xgnal generating .eans. 

• iOO Wherein said 

-cognizing portion on said ..i,,, 

polynucleotide sequence. ""'^ ^^""^"^-^ ^ 

103. 1*^^ vi^^ - 

Wherein said 
-cognizing portion on said bride 

an antigen. ^'"^ ^'^^^^'^i' comprises 

^ i'wi.tion on said hr-i^^- 
an antibody. ^^^^gxng entity comprises 

kit Of item 100 .herein s-id 
-•ocharlde. '"^ ""'^ comprises e 

''^ °^ 100 .herein sal. 

«=o,ni.i„3 portion on s.i. hriac- 

lectin. oonprl^es a 

»e o£ ite„ 100 .herein sai. 
««.g„..ing p„,tion on said hrid»- 

horinone. '""'^ comprises a 
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108. The kit of item 100 wherein said 
recognizing portion on said bridging entity comprises a 
receptor. 

109. The kit of item 100 wherein said 
recognizing portion on said bridging entity comprises 
an anziir.e inhibitor or enzyme cofactor^ 

110. The kit of item 100 wherein said 
recognizing portion on said bridging entity comprises 
an enzime active site or cof actor binding site. 

111. The kit of item 100 wherein wherein said 
polynucleotide sequence on said bridging entity codes 
for a gene product or fragment thereof. 

112. The kit of item 100 wherein said 
polynucleotide sequence on said bridging entity does 
not code for a gene product or fragment thereof. 

113. The kit of item 100 wherein said 
polynucleotide sequence on said bridging entity 
comprises a poly dG, poly dC, poly dT, poly dA 
sequence, or a low complexity (repeating) 
polynucleotide. 

114. The kit of item 100 wherein said 
polynucleotide sequence on said bridging entity 
comprises a sequence portion which is rich in guanosine 
residues. 

115. The kit of -item 100 wherein said 
polynucleotide sequence in said bridging entity is 
covalently attached to another polynucleotide sequence. 
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».e Of Item 100 „h.„i„ said 
Polynucuotiae ^^^^ ^ 

-alently „tached to .„ti.oay. 

-^it Of ite„ ZOO „.erei„ said 

covaxently attached to an antigen. 

■«>VW' Of iten, 100 Wherein said 

polynucleotide sequence in said b,i^ • 
„ , " '"^I'Jging entity is 

covalentl, attached to a saccharide. 

item 100 Wherein said 

polynucleotide sequence in said far.n • 

r.^ , ^^^^ bridging entity is 

covalently attached to a lectin. 

°' 100 Wherein said 

polynucleotide sequence i„ said bridoln 

«^ , ° oridging entity is 

covalently attached to a hormone. 

- .nucleotide ~e in said ..id,in, „tity is 
oovalently attached to a receptor. 

100 Wherein said' 

polynucleotide sequence in said .ria,i„, entity is 
covalently attached to an ■ 

cofactor. ^"^'"'^ - 

1". ™e .it Of item 100 Wherein said 

polynucleotide sequence in said h.i^ ■ 

m said bridging entity is 
covalently attached to an enzyme. ' 
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124. The kit of item 100 wherein said bridging 
entity is a circular DNA polymer. 

125. The kit of item 124 wherein said circular 
DNA is single-stranded. 

126. The kit of item 125 wherein said circular 
utlk Doiynier is derived from a filamentous phage. 

127. The kit o£ item 124 wherein said 
filamentous phage is M13 or a variant thereof. 

128. The kit of item 125 wherein said M13 phage 
carries a sequence portion which is rich in guanosine 
or cytosine residues* 

129. The kit of item 100 wherein said 
polynucleotide portion on said signalling entity codes 
for a gene product or fragment thereof. 

130. The kit of item iOO wherein said 
polynucleotide portion on said signalling entity does 
not code for a gene product or fragment thereof. 

131. The kit of item lOO wherein said 
polynucleotide portion on said signalling entity 
comprises a poly dC, poly dG, poly dA, poly dT 
sequence, or a low-complexity, repeating 
polynucleotide. 

132. The kit of item 100 wherein said 
polynucleotide portion on said signalling entity 
comprises a sequence portion which is rich in cytosinee 
or guanosine residues. 
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133. -me Jcit of Ite. loo wherein sai. • 
entity is ^ r-i . signalling 

IS a circular DMA polymer. 

134. The kit of item 13, „k - 

133 wherein said dna = 

smgle-stranded. 

^35. The kit of item 134 • 

derived from . ^^^^ is 

from a filamentous phage. 

item 135 wherein said nh • 
«i3 or a variant thereof. 

^^^^ Wherein said sian«i 

generating portion on said sionall • 

^^nallmg entity is 
radiolabeled.. ^ 

138. The Jcit- «P 

°£ ite™ 100 whawin said sian., 

raai„la.exe... ^""'^ ^= 

-e„u„„o«lo„co„p.lae3a„ 

. The Of itea 138 Wherein said si , 

generating porfei«« signal 
g portion comprises a biotin moiety. 
The kit of item 130 . 

generating portion ^^^"^^ 
ng portion comprises a fluorogen 

°^ item 138 Wherein said • 
generating portion o - ^^^"^^ 
g portion comprises an electron dense 

compound • "«nse 

"3. «.e Wt Of ,,,, ,33 ^ 

.eneraun, portion co^rises or .inds .o a 

Phase. ° insoluble 
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144. The kit of ±tem 138 wherein said insoluble 
phase comprises a latex particle, a resin, or a 
bacterium. 

145. The kit of iteia 138 wherein said signal 
generating portion comprises an antibody • 

146. The kit of iterri 138 wherein said signal 
generating portion comprises a saccharide. 

147. The kit of item 100 wherein said 
recognisable portion on said analyte is a 
polynucleotide sequence, said recognizing portion on 
said bridging entity is a polynucleotide sequence 
capable of stably annealing thereto, said bridging 
entity is a single-stranded DNA polymer, and said 
signal generating portion on said signalling entity is 
based on non-radioactive detection. 

148. The kit of item 147 wherein said bridging 
entity is derived from a filamentous phage. 

149. The kit of item 147 wherein said signalling 
entity is derived from a filamentous phage. 

Especially preferred embodiments of the invention are 
the follov/ing: 
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150. A method of detecHn^ 
comprises: thereon, which 

providing a molecular bridging entitv ^R, h • 

y g entity (B) havxng thereon- 

(i« a portion ==^.i,,„, , .ecognl^ahle „o«fier, and 
a Signalling entity (c) having thereon: 

sala hriaging entit/^T ^.H^ lTZLril:T'" " 
Plex, and stable com- 

(ii) a signal generating portion, and 
forming a complex comprising: 

(1) said analyte (a) attached through said n,o7 . 
recognizable portion thereon to n^olecularly 

(2) said portion of said molecn-ra*- kv^ . 
capable of recognizing said .0"^^^^^^^ 

t.on Of analyte . said molecular brLg Ig^^^y ,bT 
^e.ng complexed via said recognizable JifL leLl ,0 

(3) said Signalling entity (C) via said recentn. 
thereon capable of attachment to or bindina T T 
nizable modifier of said h.^^ • ^^^^^"^^ to said recog- 

-Liier or said bridging entity (b) . 
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151. A stable detectable complex comprising a target 
analyte, a modified first receptor attached thereto via 
said receptor portion, the modifying portion thereof 
being attached to a second receptor for said modifying 
portion of said first receptor, said second receptor 
having attached thereto a singalling entity. 

152. An entity capable of detecting a protein re- 
ceptor comprising: 

(a) a protein capable of binding said protein recep- 
tor/and 

(b) a polynucleotide attached to said protein that is 
capable of binding said protein receptor. 

153. The entity of item 152 which further comprises 
a signal generating portion attached to said polynucleo- 
tide - 

Having now generally described this invention, the 
same will be illustrated by reference to certain 
specific embodiments which are included herein for 
purposes of illustration only and are not intended to 
be limiting unless otherwise specified* 

Examples 

Examples 1-31 relate to processes of preparation 
of bridging and signalling moeties. The examples show 
preparation methods which may be classified within the 
following categories: 
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"PJ-mg to proteins, sacchar-;^ 
molecules. saccharides and small 

2) Chemical activa^^«„ ^ 

o'-fcivation of proteinc « 

" and siMU molecules. 
3) Chemical activation of saccharides £or 
-bse,.e„t couplin, to p„,,,„ ^^^^^ j 

molecules. | 

4) Chemical activation of small molecules for ^ 
subsequent coupling to DNA and protein. 

5) Coupling of DNA to protein, saccharide. . 
small molecules. saccharides and 

The examples classified within the ahove 
categories axe as follows: 

A. By terminal ribonucleotide labelling 
followed by pe.iodic oxidation and reductive 
amxnation: Examples 11, 12; 

B. By^non-specif ic bromination: Examples 28, i 

- By specific activation of cytosine .oieties 
via 5-iodocytosine: Examples 16, 17 la 
^. By specific activation of guanosine 
"oieties via reaction with 3, 4, 
5-trichlorodia.oben2ene: Example 1 

By specific activation of adenosine and 
guanosine-moieties via reaction with 
2,3^ibromopropanal: Example 9. 
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2) Chemical Activation of proteins 

A. By broaioacetylation: Examples 13, 14. 

3) Activation o£ saccharides 

A. By activation of reducing saccharides: 
Examples 4, 5, 6, 

B, By activation of non-reducing 
saccharides: Examples 7, 8. 

4) Activation of small moieties 

A. Biotin: Examples 2, 33, 23, 24, 25, 26 

B. 'DCTA: Example 3, 

Coupling of DNA to protein, saccharides and 
small molecules 

A. To protein: Examples 15, 19, 20. 

B. Saccharides: Example 19, 18. 

C. To small molecules: Examples 19, 10, 21, 
27. 

Example 1 

Activati on of DNA with 3,4,5-Trichloraniline 
100 mg of 3,4,5-trichloroaniline were dissolved in ^ 
2.5 ml of 0.5M HCl in 50% DMSO and cboled on ice, under 
vigorous stirring, an equiraolar amount of NaNOj from a '■. 
cold IH solution were added, as rapidly as possible, 
and then stirring was continued for 10 minutes. 1 rag 
of 3H or fd DNA in 300 pil of water were mixed with 300 

ul of 2M cacodylate buffer pH 6.6 and 500 ul DMSO. 
(By addition of TXASO the pH of the solution rises to 
8.3). 20 ul of the freshly prepared diazonium 
solution were added thereto and the mixture was ' 
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"--PUa. „..o. appea.ea ,„,„,^,,^„ 

made 0,4 M w^^h 

wath amn.on.u™ acetate and the DNA was 

precipitated with ethanol. 




DNA activated with 3,4 5-Tr-,-.»„ 

^'^/5-Trxchloroaniline 
(Example 1, was dissolved in O lM • 

in O.IM sodium hydroxide with 

3> or thxol activated .a„„o.. ,c,. ^ a„a 5,, and 
precipitated disulfide.? 

''""'^"^^ c^ntrifugation - 
and the DNA was purified bv GSn i, ' 

lea by G50 chromatography and 

Stored at -:7n<>r tt • 

' 20 c. .adioaotive »i to level the 

^erxvati.ed dna, it was detenuined that 60, o. ■ 

had been labelled. 



.Example 2 
jiotin-SH 

^ree »ill„,olee of Biotin -nhs eeter were 
^-=Xved in 35 .1 o. anh.drone 0«. and .i.ed with a 1« 
—n o. o..tea.i„e hydrochloride i„ i. 



- 58 - 



3128332 



sodium bicarbonate and the mixture was incubated at 
room temperature overnight. During the incubation a 
heavy precipitate appeared. The liquid was removed 
under reduced pressure at 45**C and the residue was 
suspended in 50 ml absolute ethanol, 1 g of NaBH4 was 
added and the suspension was stirred for one hour at 
TS^'C. The ethanol was removed and cold 1 M HCl was 
added to bring the pH to 4.5, and the water was removed 
under reduced pressure at 35®C. (All these operations 
were performed under an argon atmosphere to prevent 
oxidation of the thiol.) The solid residue was 
powdered and triturated with 4 ml of cold deareated 
0.01 M acetic acid. These procedure was repeated twice 
and the residue was lyophilized, TLC chromatography 
showed that' the main biotin spot contained thiol; two 
minor spots were thiol negative. In all reactions the 
amount of biotin used was based on the thiol content. 

Example 3 
DCTA-SH 

One miliraole of DCTA-bromide was added to 5 ml of 
50% DMF containing 0.2 ml of 2/ 3-dithioethylene and 0.5 
ml of triethylamine. The mixture was incubated under 
argon for 2 hours at 60-70** C. The solution was then 
mixed with 20 ml of water and loaded onto a Dowex AG-1 
column of 9 ml bed volume. The column was washed with 
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°' "-"^ solution untu the 

eluted with 0.25m 

co.b- . '"^ -"^-ning tactions 

^^^^^^^ ^^^^^ ^^^^^ 

pressure at 4n«r 

at -ao-c u V 

at -20 »C under argon. 

Example 4 

-e p„.a.. ..CO.CX ,.o.p ^ \ 

^xsplacin, it With . ^ . ^ ""^ 

""-i to fo™ a thiol g.oup. An example is 
described here = i. • f -ts 

l^ere, the activation of a-methyl-d- 

^ - - ~ a. . ■ 

::r:r' .he tosnat^n per.or.ed analogous 

^2/ 384-391 (1979).) 

23 g of methyl-D-mannoside were ^i.. . ^ 
„i ^ ^® dissolved in 400 

ml Of absolute pyridine and the soluti 
_lsop solution was cooled to 

on an ice salt .i.ture. solution of 24 6 . of 
P-Toluene sulfonyl chloride in 80 ml h / 
was ad^ H . « 80 ml absolute pyridine 

was added to the vigorously stirreH • 
at -I5«r . """"^^ "^=ted 

pyridine was removed under reduced pressure at 40-0 and 
- — ed in Chloroform. J.lr 
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was warmed to 50*^0 and washed successively with 0,5 M 
potassium hydrogen sulfate followed by 0^5M potassium 
bicarbonate solution at 50**C (the 50 degree temperature 
was necessary to avoid gel formation). 

Example 5 

5 -ami no- g -methyl-D-mannoside hydrochloride 
A solution of 6 g of the tosylate (Example 4) in 
130 ml absolute methanol was saturated at l^C with dry 
ammonia and autoclaved for 16 hours at 120** C. The dark 
reaction product was refluxed with charcoal and 
methanol was removed by distillation leaving a slight 
yellow syrup. The syrup was dissolved in water and the 
sulfonate liberated during the displacement reaction 
was removed by passing the solution through an anion 
exchanger • HCl was added to the elutate to bring the 
pH to 5.0 and the water was removed under reduced 
pressure at 40* C. The residue was triturated with a 
mixture of 15 ml of absolute methanol and 15 ml of 
absolute ether and the solid material was dissolved in 
50 ml of absolute methanol and cooled, the addition of 
25 ml absolute ether initiated crystallization, 
yielding 2*5 g hydrochloride. 
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jxample 6 

SM2-n.ercaptoethvn-.-..,-^_., p , in_^nnnjj^^ 

6 g of the sugar tosylate (Example 4) were 
dissolved in 250 .1 of absolute methanol containing 20 
ml of a freshly prepared solution of sodium 
methoxide. To the mixture was added 5 ml of 1.2 
ethanedithiol. The mixture was autoclaved at 120»C for 
10 hour and the reactions product was treated as 
above. Yield 3.1 g. 

Example 7 

2,3,4,6, TetraanPtyi- „ ■ n mannopvrann.^. .k.^^.-,. 
This compound was prepared analogously to a 
published procedure. (D, Hortoj., Organic Synthesis Vol 
46 p. 1, Wiley N.Y. 1966). 25 g of dried mannose were 
added slowly with stirring to 60 ml of acetyl 
chloride. The vessel was connected to a reflux 
condenser and the mixture was stirred for 16 hours at 
room temperature. Chloroform, 300 ml, was added 
through the condenser and the mixture was poured with 
vigorous stirring onto 300 g of ice and 100 ml of 
v'ater. The mixture was transferred to a separatory 
funnel, and the organic phase was poured as fast as 
possible into a beaker containing ice and 300 ml of 
saturated sodium bicarbonate solution, ihe organic 
Phase was separated and dried with 25 g of anhydrous 
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magnesium sulfate. The drying agent was removed , 
washed with dry alcohol free chloroform and the 
combined chloroform solution was concentrated to 35 ml 
at a reduced pressure in a rotatory evaporator. At 
50**C ether was added to the solution until slightly 
turbid and the solution left at room temperature. The 
crystals were removed by filtration and washed with dry 
ether. Yield 39 g. 

Example 8 

S-(2-mercaptoethyl)-l-&-D-mannopyranosyl sulfide 
and S- ( 2-aminoethyl ) -l-S-D-mannopyranosylsulf ide 

To a solution of 10 g acetochloromannose (Example 

7) in 60 ml anhydrous DMP, 4 ml of 1.2 ethanedithiol or 

5 g cysteamine hydrochloride and 5 of fine powdered 

sodium carbonate were added to the suspension which was 

stirred under argon for 6 hours at 70** C. The carbonate 

was removed and the liquid was evaporated under reduced 

pressure at 45'*C. The residue was dissolved in 

absolute methanol and freshly prepared 0.1 M sodium 

methoxide was added to bring the pH to 8.0 and the 

mixture was stirred for 5 hours at room temperature* 2 

ml of glacial acetic acid were added and the liquid was 

removed under reduced pressure. The residue was 

recrystallized from acetic acid. Yield 3.1 g. 
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Example 9 

Activation of nM. dibrn..n>-.p.„. . 

A solution of acrolein (I.7 g) i'n- ether was cooled 
on an ioe bath and I.3 ml of bromine were /lowly added 
under stirring while waiting for the color to disappear 
for the next bromine addition. The ether was partially 
removed by blowing argon over the solution, resulting 
a 2 H solution of the 1, 2-dibromopropanal (Example 
8). .he DMA used for the following operations was in 
the triethylammonium form to facilitate solution in 



DMF. 



0.5 mg of 3H fd-DNA (linear) (partly tritiated) in 
250 pl of water were mixed with 3.0 ml of 0.5 M 
triethylammonium acetate, pH 4.5 in 70% ethanol and 50 

Ml of the dibromopropanal solution was added. The 
mxture was stirred in t^e dark at 37»C for 40 hours. 
The reaction was monitored by the appearance of 
fluorescence. The reaction mixture was evaporated to 
dryness under reduced pressure, and the DNA dissolved 
in 0.6 ml water and desalted by G 50 filtration with 
water as the eluant. The fractions containing 
radioactivity were combined and the volume was reduced 
to 0*2 ml. 
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Example 10 

Labelling of the 3 r 4 , S-trichloroaniline DNA with 

DCTA-SH 

0.5 mg of the activated DNA (Example 1) in 0.2 ml 
of water were mixed with 2.0 ml of 0.5 M 
triethylammonium acetate in 90% DMF and 50 rag of 
DCTA-SH in the triethylammonium form were added. The 
mixture was stirred in the dark for 4 hours at 50**C. 
The DMF was removed under reduced pressure at 45* C and 
the DNA was desalted by G-50 filtration. The degree of 
labeling was then determined by the use of radioactive 
Ni6 3. On the average every 5.3 bases were labelled, by 
calculation. 

Similar procedures were used for the biotination 
and glycosylation of the activated DNA using the thio 
derivatives of these substances (Examples 2, 6 and 8). 
Chemical labelling of DNA 

Rationale 

Guanos ine couples with certain diazonium salts at 
the 8 position to give stable colored products (H. 
Fischer , Z. Physiol. Chem. 60/ 696-78, (1909)), and at 
position 2 to form yellow products which are acid 
labile (H. Kossel , Z. Physiol. Chem. 340, 210, 1965, 
E.N. Houdrianakis et al, . Biochim. Biophys. Acta 123, 
421 (1966)). The guanosine residues in the single 
stranded nucleic acids can couple with diazonium salts 
and this reaction has been, used to fix single stranded 
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nucleic acids to cellulose ( J.C. Alwine et al. Methods 
in Enzymology Vol. 68. p. 220-242, 1979)). If the 
coupled diazonium compound contains an active group 
that can be easily substituted by thiols or amines, 
then this constitutes an easy method to attach biotin 
or other groups to single stranded nucleic acids. 
3,4,5-trichlorophenyl diazonium chloride is such a 
substance which has been used by the inventors to add 
biotin, l,2-dianiinocyclohexane-N,N,N,N-tetraacetic acid 
(DCTA), and_ some sugars to a single stranded DNA. 

Another possibility to label single stranded 
nucleic acids is based on the fact that 
chloracetaldehyde reacts with adenine at pH 4.5 to form 
a fluorescent etheno derivative (under mild 
conditions). J.R. Barrio, et al Biochem. Biophys. Res. 
Comraun. 46, 597-604, 1972), cytidine reacts at pH 3.5 
and guanine at pH 6.5. At pH 4.5 guanidine does not 
react at all (P.P. Sattsangi, et al , J. Org. Chem. , 42, 
3292-3296, (1977).) 

By using 1,2 dibromopropanal in place of 
chloracetaldehyde it was possible to derivatize DNA 
with an active primary bromide group, which, under mild 
reaction conditions, reacts with thiol or amine 
derivatives, offering another method of labeling DNA. 
These two methods are base specific. 
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Example 11 

Terminal addition o£ 5 '-uridine 
monophosphate (UMP) to linear 3H fd-DNA 
with Terminal Transferase . and 5'-uridine triphosphate. 

The incubation mixture of 600 yl contained: 400 
yg of DNA, ImM C0CI2/ ^ dithiothreitol, 0.1 M 

cacodyiic acid, 25 mM tris baser 1 mM UTP and 400 units 
of terminal transferase. The final pH of the mixture 
was 6, 9-7.0. 

The mixture was incubated for 2 hours at 35*^C. 
The DNA was precipitated with ethanol and dissolved in 
400 yl 0.2 M sodium acetate pH 4.7» 

Example 12 

Oxidation of the Terminal Ribo Group and 
Reductive Amination. Synthesis of Amino y 
carboxy and thio-end substituted. DNA. 

The incubation mixture of 450 yl contained r 400 

yg terminal labeled DNA (Example 11), 0.2 M sodium 

acetate pH 4.7 and 0.1 M NalO^. It was incubated for 

two hours at room temperature in the dark and the 

mixture was passed through a G 50 column equilibrated 

in 0.3 M potassium borate pH 9.0-9.3, fractions of 0.2 

ml were collected. All radioactive fractions were 

combined in a total volume 1.2 ml. The DNA solution 

was made 0.4 M with one of the amino components 

{ e--aminocaproic acid, cysteamine, or 

l,S-diaminohexane, using a stock solution of 1 M which 
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was adjusted to pH 9.3), and was incubated in the dark 
for 90 minutes at room temperature. 

The resulting Schiff base was reduced with NaBH4 
as follows: NaBH^ freshly dissolved to 0.2 M in water 
(1 ml) to M was added in four portions over 30 minute 
intervals. The incubation was continued for a total of 
3 hours. The salts and the excess of the amino 
component were removed by G 50 filtration in a column 
equilibrated in 0.4 M sodium acetate containing ImM 
beta-raercaptoethanol, the DNA-containing fractions were 
then combined and stored over argon at -TO'C. Before 
use, DNA.was precipitated with ethanol and dissolved in 
the desired buffer. 

Example 13 

Activation of bromoacetic acid 
N-faydroxysuccinimide ester 

The NHS (N-hydroxy succinimide) ester of 

bromoacetic acid was prepared as follows: 100 mmoles 

of (13.9 g) of bromoacetic acid were dissolved in 50 ml 

of anhydrous DMF, to this solution 100 mmoles (20.6 g) 

of N-N-Dicyclohexylcarbodiimide were added with 

stirring followed by 100 mmoles of N-hydroxysuccinimide 

(11.9 g adjusted for 100% purity), and the mixture was 

stirred for 6 hours at 37»C. The mixture was then 

placed for 2 hours at -20OC to accelerate the 

precipitation of hydroxyurea, which was removed by 
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filtration. In the filtrate the DMF was removed under 
reduced pressure at 45**C and the active ester was 
recrys tall i zed from 2-propanal. 

Example 14 
Broiaoacetylation of IgG 
IgG (20 mg/ml) in 0.3M potassium borate buffer pH 
9.9 was mixed with 0.06 vol of a 10 mg/ml solution of 
the NHS ester of bromoacetic acid (Example 13) in DMSO, 
and the mixture was gently mixed for 1 hour at room 
temperature. The sample was then dialyzed against 0.1 
M NaCl O.IK phosphate buffer pH 7.5. 

Example 15 
Synthesis of DNA-IgG Conjugates 
1.6 mg/ml of bromoacetylated IgG (Example 14) in 
0.3 M potassium borate buffer were incubated at room 
temperature under argon with a thio-substituted, end 
labeled DNA solution (Example 12) of 3 mg/ml for 2 
hours. Mercaptoethanol 0.01 M was then added and the 
mixture was further incubated at the same temperature 
for 2 hours to quench the unreacted bromine residues. 
The solution was then adsorbed on a Protein A column, 
and the unconjugated DNA was e luted with 1*0 M NaCl. 
The DNA-IgG conjugate and the unreacted IgG were eluted 
with isothiocyanate, and dialyzed against O.lM 
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phosphate buffer nw -7 o 

fer, pH 7.2 to remove isothiocyanate. The 

conjugated igG and the free igG were than n • ■ 

^ ^^^^ *^"en precipitated 
with ammonium sulfate 50% ^ , , 

50%, the pellet dissolved in 1 o 

ml phosphate buffer and the free laG w.. 

tree igQ „as separated from 
tne conjugated igc by fractions-- 

y y traccionation on a Bio-Gel p-300 

column equilibrated in .Oiv Nad o im u 

ftaui, o.lM phosphate pH 



^Example Ifi 
Mercuratlnn of pbr^?? 
PBR322 HKA (100 dissolved in 1 ml of 5^ 
sodium acetate pH 7.5 containing mercuric acetate (3 

was reacted for 4 Hours at 50-c according 
to a procedure of Dale^ ^^^^ ^^^^^ 

1^75). 5-cytosine mercurated exhaustively 

dialyzed in 0.01 M Tris HCl dh 7 «: 

Hi-J., pH 7.5, containing 0.02 

sodium chloride 2raM EDITA. 

.Example 17 
.lodination of M^rrurated pbr .^9. 

Tb the mercurated dna from 

^^^^ the previous experiment 
in 1 ml O.IM Tris HCl pH 7.5 ^^as ^r,,, ^ . 

f was added 1 mg iodine 

us.„, p„.,,„„ Of ^I^e^ ^ 

excess I, „as extracted „ith chlorofo™ a„a the 
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7.5 containing 0.0 2M sodium chloride and 2mM EDTA. Bie 
substituted DNA was analyzed by successive digestion 
with N. crassa endonuclease, snake venon . 
phosphodiesterase DNAse, and E, coli alkaline 
phosphatase ( H. Yamasaki et al. Cancer Res. 37:1389, 
1977). The mixture was eluted through DE-52 amino 
cellulose, and the nucleotides were analyzed by reverse 
phase HPLC using authentic 5-iodo-2' ^deoxyuridine as a 
standard. 

Example 18 

Reaction of S -lodocytosine pBR322 DNA with amines. 
Example o£ reaction with 1, 6-Diaminohexane. 

To the iodinated DNA from the previous reaction 
dialyzed into 1 ml 0.1 M sodium borate was added 116 rag 
(1 mmol) diaminohexane. The reaction mixture was 
flushed with argon and heated at 10 0" for 2 hours. The 
aminohexyl substituted DNA is exhaustively dialyzed 
into 0.01 M Tris HCl pH 7.5. 

Reaction conditions for aminocaproic acid, bis 
(2-aminoethane) disulfide and 

6-amino-a-methyl-D-manno (Example 5) are essentially 
identical. 
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.Exam ple IQ 

^^^^^^^^^ 
^ a soluuon containing a.i„o^..c„^,,^„, 

r:'"^^ J - ^ 

--^ ::rr J :: r- ----- 

noLcs m the dark and dna was nr-»^- • 
by addition Of 4 M CaCl ,n P^ecxpxtated 

"^^'2 (0.03 ntl). DNA was 
--ssoxved in . ^^^^ 

repeated 2 more times tn 

"'"•"'"•^ protein. Tbe 
"inU. p„i.,,, 

^ ™- i,ao, ana .iax..ea aga^— 



Example 7n 




ca.^., e„a substituted ,Bxa.pie x., 

s alT " -iet.,ia™iu„ sait 

2^*-, an a,ueo„s soiution „itH so-„x ,Bt 

- =n.,a„us ai.t,n .o„a.iae ,o.s : to 

— o-=<n=ar.oaii„iae ,xo 3 1 0 
" - .e .or .0 .ou. t.e 
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reaction was centrif ugated and the supernatant dialyzed 
for 2 hours into 10 mM NaCl, Streptavidin (50 yg) 
dissolved in .0.2 M borate, pH 8.5 (1 ml) was added to 
the N-hydroxysuccinimide activated DNA and the reaction 
was incubated 20 hours and dialyzed into O.OIM NaCl» 
The Streptaviden coupled DNA was purified by CaCl2 
precipitation and iminobiotin affinity chromatography 
as previously described • 

Example 21 
Reaction of DNA with Glyoxal 
DNA (1 ug) (BAM insert from plasmid pDK14) was 
dissolved in 0.025 M glyoxal (0.2 ml) and heated at 
100*^0 for 30 minutes in a sealed tube. ISie reaction 
was dialyzed against 10 mM NaCl. In order to assess 
degree of reaction on guanos ine, a portion of the 
reaction was subjected to acid depurination by lowering 
the pH to 1.0 with HCl, and heating at i0O**C for 30 
minutes. The depurinated DNA was removed by elution 
through DE-52 amino cellulose and the eluted purines 
analyzed by HPLC on reverse phase. Comparison of peak 
heights of adenosine, guanos ine and glyoxal-guanosine 
adduct (R. Shapiro et al , Biochem 5:2799, 1966) 
revealed that 70% of the guanosines had been 
substituted. 



- 73 - 



0128332 



Example 2 2 

a solation of biotin-N-hydroxysuccini.iae ester 
(50 ug, 0.014 nimol) dissolved in 20 .1 
din.ethylformamide (dmf) was added 

4-an,inophenylacetophenone (4.35 q 03 ™ i, 

g, .03 inol) dissolved 

«te. re.«io„ « te^«ta« .or ao h.a„, the 

solvent was reooved bv rot.^ . 

" oy rotary evaporation. The 

-iauax oa „ae triturated .ir.t „ith 0.1 » a„a 

»Uh 5, soatu. hlcarWe. .he proauct .a. 
crystallized from ethanol. 

,£x ample 2."^ 

Biotinyl '4-.»,-n^r'-e nyl)glyoxa1 
selenium dioxide <0.75 „ 7 ^i, 
4 .1 aioxane containing 0.15 „l „ater. ^ thi= .as 
aadea dropwise a solution o£ »-hioti„yl-4-a„i„o 
acetophenone (1., , ^ 

reaction was retluxed for 3.5 hours after 
the fixture .as filterea and concentrated under 

cnromatography* 
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Example 24 
I,N-Biotinyl-lf 6-hexanediamine 
Biotin-N-hydroxysuccinimide ester (1»0 g, 2.9 
mmoi) dissolved in dimethylf ormaraide (5ym) was added 
to a solution of diaminohexane (l.lSg, 10 mmol) in 0.1 
M sodiUaTi borate (500 ml). After reacting at room 
temperature for 5 hours, the solution was rotary 
evaporated, redissolved in 10 ml water and 
chroma tographed on Dowex 50 wx (H+). Hie column was 
washed with 50% aqueous methanol and the fraction 
eluted with triethylamine dissolved in 50% aqueous 
methanol (.SM) was collected. The evaporated residue 
was thoroughly triturated with ether and recrystallized 
from DMF/ether. 

Example 25 
CH7-CC>-C0NH-(CH^)^-NH-Biotin 
To a solution of pyruvic acid (.44 g, 5 mmol) 
cooled to 4^C, 20 ml anhydrous DMF was added 
isobutylchloroformated (0.64 g, 5 mmol) and tri-N- 
butylamine (1-43 g, 1.5 mmol). After 20 minutes at 
this temperature, an additional 1.4 g tri-N-butylamine 
was added and the mixture was added to a solution of 
l,N-biotinyl-l,6-hexane diamine (Example 24) (.34 g, 1 
mmol) dissolved in 30 ml DMF and 30 ml 0.1 M sodium 
borate. After reacting at 4**C for 1 hr. the mixture 
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allowed to stand at 

"° at room tempera f-i,v-^ <= 
additional 20 ho. P^rature for an 

20 hoars and subsequently 

™i.ture was n - 
" ^'as purified by chrnm^.*. 

••■ J,.::rr::;.:i 

S^ienim dioiids (54 mg~oTr7. 

<iicx„e ,0.5 ^ ^ ' dissolved 

— n =H3-co-c::;:;:;.i:i"""- * 

<i"p„ise and the faction ^"^^^'^ 
-«rUu3.txo„. „„„ea .ith di» 



Jxani£le__27 

dissolved in 100 „i „„„ , 

°^ a solution ^'"^^ "° 

ai.et.,Uo„a„ide. "Jf 
« iOCc 30 „i„„,,, ^ ^ O^taa 

a,a.„st 0.01 „ „aci. ^^ent of 
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reaction was determined by acid depurif ication and HPLC 
assay of purine nucleosides r as described previously. 

Sxaiaple 28 
Bromi nation o£ pBR 322 DNA 
To a solution of pBR 322 DNA (100 ug) dissolved 
in 0.5 M acetate buffer pH 5. 5, was added bromine 

{5.5 ulf 0.1 rnmol)* The reaction was incubated at 60** 
for 30 hours and exhaustively dialyzed against 0.01 M 
NaCl. 

Example 29 

Reaction of Brominated pBR 322 DNA with Thiols > 
Example of Reaction with Cysteaiaine and 
3-Mercaptoprop ionic acid. 

A solution of brominated pBR 322 DNA (500 pg) in 

0.1 M borate pH S.S (1 ml) was incubated with either 

cysteamine or 3-mercaptopropionic acid (20 rag) for 20 

hours at room temperature under an argon atmosphere. 

The resultant amine-or carboxy- substituted DNA was 

dialyzed against 0.01 M NaCl. 

Example 30 

Reaction of Brominated pBR322 DNA with Amines. 
Example of Reaction with 1, S-Diaminohexane 

A solution of brominated pBR 322 DNA (100 pg> 

ana 1 M of 1, 6-diaminohexane (1ml) were heated at 55* 

for 3 hours under an argon atmosphere. The resultant 

amine-sbustituted DNA was dialyzed against 0.1 M NaCl. 
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.Examp le 3 1 



-^^r "^ nj o-iabeliTg^ - -"^-" ^ 

DNA vas end labelled with UMP usino . • 
tracer, "^^"9 terminal 

trans-rase under conditions descrih.^ • 
-pw aescribed m Example 11 

The end labelled dna was ■ 

derivatized with 2,4,5- 
-chloroaniune ...a.pie i, ^^^^ 

naer identical conditions to those described in 

v'lCG sodium periodate rea„+. ^ . 
and reduced with . cysteamine 

with sodium borohydride as describ.H • " 
Example 12 Thi-o - aescribed m 

12. This was xn turn reacted with 

bromoacetylated igc (Example 14) usino 

^..^ ^ using conditions 

described in Example 15. 

.Example ^7 

replicative (dcubU-stranded £o™, . 
P-age such ,3 „13 c„e . °' ° ""'^-""n^ed 

M13. strand of the win be 

Poxarities, one containing the > 
i o strand, 
I.e., no guanylate residues of ^ho 

^ Of the asymmetric sequence. 
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the other containing the sequence complementary to the 
G(-) sequence, to be called the G(+) sequence. 

Ihe G(+) phage is used as the vector (bridging 
entity) for carrying a DNA probe of interest such as, 
for example, herpes simplex virus I DNA sequences. 

The G(-) phage (signalling entity) is chemically 
reacted with a guanosine specific reagent, such as a 
1,2-dicarbonyl reagent. The G(-) insert in the G(--) 
phage would not be modified because it lacks guanylate 
residues . 

A general protocol for the preparation of single- 
stranded M13 would be as follows: 

1. M13 mp8 rf (replicative form, double- 
stranded), is grown. It is cut with Hinc II, 
which leaves blunt ends. 

2. pd{G-T)5 and pd(A-C)5 are provided and 
hybridized to form a perfect double-strand. 
The ends must be perfectly matched. In order 
to obtain this condition it is necessary to 
use high C^t conditions for hybridi?:ation. 

3. The hybrids are ligated in the presence of the 
restriction enzyme Rsa I. Rsa I recognizes 
the sequence GTAC, and hence will cut to leave 
blunt ends and proofread the ligation. 

4. The ligation products are isolated. They are 
double-stranded poly d (G-T) poly d (A-C) . 



5. 
6. 

7. 



8. 
9. 



10. 



n. 
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(Any ccplementary, repeating, low complexity se- 

place 5- ends with ^2p.phosptates. 

-ea s.ze bands are eluted out of the ael 
by cutting, ashing ana then extracting 2\T 
With hi,h salt .uffe.. rra^nts havin, 50-,:: hp 
or larger are preferred. 

MA is concentrated hy any of a nu^er of possible 
techniques, such as ethancl precipitation ^ 
Precipitation, lyophlli^ation^ oTtr":: 

S-c::rr ^^^^^ *° ^^-^ ■^-^ 



Using the standard cloning technioue i-h. ^ • 
sequence is performed: ^ ' following 
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a. Fragments are ligated into M13; 

b. Cells (for example E. coli JM103) are 
transformed with the M13; 

c. Transformed cells are plated; and 

d. Recombinants are selected. 

12. There are two possible routes for selection of 
recombinants: 

a. If a known size class has been inserted, 
plaques will be picked and sequenced to 
check for the presence of insert. 

b. An alternative procedure is to shotgun all 
the sequences made in step 4 into M13. 
This protocol requires that many more 
clones be picked and then checked by 
sequencing. 

13. C^ce a suitable clone has been obtained (M13 
with the appropriate size sequence), the 
strand that gives GTGT, etc. , in the single- 
strand replicating form will be selected. 
This clone is then used for further genetic 
engineering by inserting sequences from a 
variety of pathogens into the replicating - 
form. 
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i4. The strand that gives ACAC etc. in 

the replicating form is cloned in 

txoned m mass culture 

and cheniiclly modified with a reporter 
(Signal generation portion, that i. .peclfio 
™- the G,-) ph„, exhaustively 
reacted with the bi£u„ctional reagent p- 
-idophenyl glyoxal dicarbonyl 
-tety of ^Ps reacts only with guanosine 
"sxdues in single-stranded portions of the 
™A. The insert lacking guanosine is not 
affected by this treatment. 

15. The (G*, and derlvatized , 

^ ; uDiAs are mixed 

in equi.olar concentration and allowed to 
hybridise to target DH^ to each other. 
Visualisation of the hybrids Is by standard 
signal reporting techniques. 
H,.l„, „o„ ,„,,^ ^^^^ 

be understood by those nf „ j- 

that *M y ^'°«, <>£ ordinary sfciU in the art 

the same can be subject to a wide range of 
-iUcatlons. to generate equivalent systems and 

ocesses. without affecting the spirit or scope of the 
"-ention or of any embodiment described therein. 
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PATENT CLAIMS 

1. A method of detecting in a sample an analyte 
(A) having a molecularly recognizable portion thereon, 
which corr.prises: 

providing a molecular bridging entity (B) having 
thereon: 

(i) a portion capable of recognizing 
said molecularly recognizable 
portion on said analyte; and 

(ii) a portion comprising a 
polynucleotide sequence; and 

(C) a signalling entity having thereon: 

(i) a polynucleotide portion capable 
of annealing to said 
polynucleotide portion of said 
bridging entity, thereby to form a 
stable polynucleotide hybrid, and 

(ii) a signal generating portion; 

forming a complex comprising: 

(1) said analyte (A) coraplexed through 
said molecularly recognizable 
portion to 

(2) said recognizing portion of said 
entity (B); said entity (B) being 
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coraplexed through said polynu- 
cleotide portion thereon to 
(3) said polynucleotide portion of 
said signalling entity (C); and 



detecting a signal by means of said signal 
generating portion present in said complex. 

2. The method of Claim 1 wherein said molecularly 
recognizable portion on said analyte is proteinaceous. 

3. The method of Claim 1 wherein the molecularly 
recognizable portion on said analyte comprises nucleic 



acid. 
4. 



The method of Claim 1 wherein the molecularly 
recognizable portion on said analyte comprises a 



saccharide, 



5. A method of detecting in a c:«n,„7 
having a molecularlv ^ sample an analyte (a) 

y a moiecuiarly recognizable portlnn 
comprises: Portion thereon, which 



thereon: 



(i) a portion capable of r-^r^r.rr^^ • 

(ii) a portion comprising a reoognl.abls «odifi«, and 
a signalling entity (c) having thereon: 

a:LL:nToT:i::Lgr3ar^^^^^^^^ 

.i.ging entity thereby to .LTllX'lZ 
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(ii) a signal generating portion, and 
forming a complex comprising: 

(1) said analyte (A) attached through said molecularly 
recognizable portion thereon to 

(2) said portion of said molecular bridging entity (B) 
capable of recognizing said molecularly recognizable por- 
tion of analyte (A) , said molecular bridging entity (B) 
being complexed via said recognizable modifier thereon -to 

(3) said signalling entity (C) via* said receptor 
thereon capable of attachment to or binding to said recog- 
nizable modifier of said bridging entity (B) . 

6. A stable detectable complex comprising a target 
analyte, a modified first receptor attached thereto via 
said receptor portion, the modifying portion thereof 
being attached to a second receptor for said modifying 
portion of said first receptor, said second receptor 
having attached thereto a singalling entity. 

7. A polynucleotide sequence covalently attached 
to an antibody • 

8. The sequence of Claim 72 wherein said 
antibody is monoclonal* 

9. A polynucleotide sequence covalently attached 
to a lectin. 

10. A polynucleotide sequence covalently attached 
to a saccharide having up to 20 saccharide units. 

11. A polynucleotide sequence covalently attached 
to receptor. 
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12. A polynucleotide sequence covalently attached 
to a hormone. 

13. A DNA molecule carrying a polynucleotide 
portion which coiuprises a sequence selected from the 
group consisting of poly dGT, poly dAC, poly dCT, poly 

oAt, poly dGC, poly cGA, poly dG, poly dC, poly dT, 
poly dA, and a repeating low-complexity polynucleotide. 

14. An entity capable of detecting a protein re- 

ceptor comprising-: 

(a) a protein capable of binding said protein recep- 
• tor^and ^ 

(b) a polynucleotide attached to said protein that is 
capable of binding said protein receptor. 

■ 'V ""^'^^ ^i-h f-rther comprises 

a „ generating portion attached to said polynueleo- 



16, 



A kit useful for the detection of an analyte 
(A) having a .olecularly recognizable portion thereon, 
comprising: 



I) 



a carrier being compartmentalized to receive 
in close confinement therein one or more 
container means; 
II) a first container means containing a 
molecular bridging entity (B) having 
thereon: 
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(i) a portion capable of recognizing 
said molecularly recognizble 
portion on said analyte (A); and 

(ii) a portion comprising a 
polynucleotide sequence ; and 

(III) a second container means containing a 
signalling entity (C) having thereon: 

(i) a polynucleotide portion capable 
of annealing to said 
polynucleotide portion of said 
bridging entity (B) thereby to 
form a stable polynucleotide 
hybrid; and 

(ii) a signal generating portion. 
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